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The serum protein concentration has frequently been observed to 
be reduced in certain types of Bright's disease and in various types of 
malnutrition.  Formerly  the  fundamental  cause  for  this  was  at- 
tributed to either a  loss of protein in the urine or a lack of protein 
in the diet.  In  1933  Bloomfield (1),  in introducing his  studies on 
the effect of restriction of protein intake on the serum protein con- 
centration of the rat,  critically examined the evidence in support of 
the loss and lack theory and concluded that such a  simple concept 
did not fit all the facts of clinical and experimental experience.  The 
hypothesis was advanced that some other factor, such as an impair- 
ment of or an injury to the serum protein-regenerating mechanism, 
may be an accessory, if not the primary, factor in the production of 
a  hypoproteinemia.  More recent investigations, reviewed elsewhere 
(2),  afford further support for this hypothesis. 
In one of our previous paperso(3) and in the communication coming 
from Whipple's laboratory (4) it was reported that the dog subjected 
to prolonged plasmapheresis may develop some impairment in ability 
to regenerate serum protein.  In both of these studies the animals 
subsisted during alternate periods on adequate diets on the one hand 
and on low protein rations on the other.  In our current studies we 
have been interested in determining as precisely as possible the fac- 
tor responsible for the inhibition of serum protein formation; namely, 
* The expenses of this investigation were defrayed by a  grant from the Fluid 
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Coxe Fellowship Grant. 
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whether  prolonged  intensive  loss  of  protein  from  the  body  per  se 
is the etiologic agent or whether lack of protein is also a  contributing 
factor.  In the present investigation we have been concerned simply 
with  the  first phase of this problem.  For this  purpose the  animals 
were fed adequate  casein rations during the long r6gime of intensive 
plasmapheresis.  Such  a  procedure,  we  believe,  should  also  indicate 
whether or not prolonged proteinuria per se in nephrotic individuals, 
subsisting on adequate diets, predisposes to an impairment in ability 
to  regenerate  serum protein. 
Methods 
Plasmapheresis, the repeated bleedings of an animal, followed immediately by 
the reinjection of the  corpuscular elements of the blood suspended in Locke's 
solution,  was carried out according to the quantitative technique described in our 
previous publication (5).  For the determination of the serum protein concentra- 
tion both a  nephelometric procedure (6) and a gravimetric method (7, 8)  were 
employed.  In estimating the blood volume use was made of the dye method as 
improved by Hooper, Smith, Belt and Whipple (9).  Inasmuch as stasis which 
obstructs  the  venous return  may cause an  appreciable increase  in  the  serum 
protein  concentration  (10),  samples  for  analysis  were  taken  either  from  the 
femoral artery or from the cubital vein under minimal stasis. 
Recently P15tner (11, 12) has reported that variations in the albumin to globu- 
lin ratio in serum markedly affected the accuracy of his particular nephelometric 
procedure for determining  the  concentration  of total  serum protein.  With  a 
decrease in the ratio the observed turbidities were less  than the corresponding 
values  determined  gravimetrically.  The  hypoproteinemia  produced  experi- 
mentally by the technique of plasmapheresis has been reported to be associated 
with a decreased or inverted albumin to globulin ratio (13-20, 4).  The dogs used 
in the present study have also shown such changes in this ratio.  1  In our current 
investigations more than 100 cross determinations with both the nephelometric 
procedure (6) and the very accurate gravimetric method (7, 8)  were conducted 
with the  sera obtained from our dogs.  The results of these estimations have 
indicated that there is a tendency, when the albumin to globulin ratio is inverted, 
for the  nephelometric values to be less  than  those  obtained by the  standard 
gravimetric procedure.  At times the difference  may actually be as much as 15 
per cent  of the  true value.  The validity of the  albumin to globulin  ratio as 
determined in the clinic has been discussed elsewhere (21).  We are of the opinion 
that such protein fractions are simply artificial products produced by the reagents 
employed in their preparation; that the serum protein complex is composed of 
i The authors express their gratitude to Dr. Daniel C. Darrow of the Depart- 
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two or more unstable coprecipitation systems in mutual equilibrium; and that the 
particular protein fractions obtained indicate merely the potentiahties of certain 
components in the serum to combine,  probably by means of residual valencies, 
into a product that is insoluble  under the imposed conditions.  In our present 
studies we have attempted to eliminate any differences in the degree of dissociation 
of these reversible systems or in the tendency to dissociate which are believed to 
be responsible  for the particular albumin to globuhn ratios obtained.  We have 
found that heating the ahquot of the diluted serum at 90°C. until the first faint 
turbidity is manifest (from 1 to 3 miautes), cooling and subjecting this to the 
subsequent  steps  in  the  nephelometric procedure  will  cause  no  appreciable 
change in the relative turbidities of normal sera samples when comparisons are 
made with the standard treated in the same manner.  However, with sera, in 
which the albumin to globulin ratio is inverted, a significant  change in the relative 
turbidities occurs so that better agreement with the gravimetric results is recorded. 
With this modification in the technique the average percentage deviation of the 
nephelometric values from the gravimetric was found to be approximately +3.0 
per cent. 
This nephelometric procedure was used merely to calculate each day the volume 
of blood to be withdrawn in the plasmapheresis, according to the method described 
elsewhere  (5).  Twice each week these determinations were checked against the 
values recorded by the gravimetric method.  For the important determination of 
the total amount of serum protein removed each week in order to maintain the 
blood protein concentration  at  the basal level, the gravimetric procedure was 
always used, after removal of the fibrin from the pooled citrated plasmas (22). 
EXPERIMENTS 
In the present  study the initial experiments dealt with the  stand- 
ardization  of the  dogs  so that,  if  any impairment  in  serum protein 
formation should occur, it would be possible to determine both quali- 
tatively  and  quantitatively  just what  phase was affected, the endog- 
enous  or  exogenous.  The  determination  of  the  protein  minimum 
for nitrogen equilibrium with each of the animals has been shown on 
theoretical  grounds  to be a  prerequisite  for the proper evaluation of 
that particular  dog's ability to  regenerate  serum protein  (3). 
Three adult  female dogs  were used.  At an optimal nutritive index of 0.30 
(23), dog 4-6, a hound, weighed 14.2 kilos; dog 5-1, an airedale, 14.8 kilos, and dog 
5-2, also a  hound,  15.9 kilos.  Preliminary to the nitrogen balance studies the 
animals were given a vermifuge and then offered an excess of vitamin B  (B1) to 
saturate  the  tissues with  this  dietary essential. 2  The dogs  were  then  fed an 
2 As a source of vitamin B (B1) during these preliminary periods the dogs were 
fed a preparation called embo, powdered wheat embryo; this was kindly furnished 
by the General Mills, Inc., Minneapolis. 495  PROLONGED  INTENSIVE  PLASMAPHEP~ESIS 
artificial "synthetic" diet, containing casein as the sole source of protein and fed 
at a level of 8 per cent of the caloric intake.  The plan of the ration followed the 
kilo-unit scheme (24) and is similar to those used in our previous studies (22, 3, 25). 
The sample of casein used throughout the present investigation was a commercial 
preparation,  3 which contained 13.08 per cent nitrogen.  This was indicative of an 
82.3  per cent purity (26).  The vitamin adjuvants  4 were identical to those em- 
ployed in our previous studies  (22,  3,  25)  and  were administered in  the same 
amounts apart from the diet.  These supplements are practically free of protein 
and therefore did not introduce any appreciable amount of that foodstuff into the 
diet.  The animals were fed the ration each day at the maintenance level of 70 
calories per kilo of optimal body weight; the vitamin adjuvants yielded an addi- 
tional 1.5 calories per kilo. 
In estimating the casein minimum for nitrogen equilibrium we have followed 
the method outlined in detail elsewhere (25).  Table I  summarizes the experi- 
mental findings.  Calculations indicated that  the protein minima for dogs 4-6, 
5-1 and 5-2, expressed in terms of total ingested calories furnished by the protein 
in the diet, were 9.8, 8.55 and 9.45 per cent, respectively. 
For the biological assay of the ability of each of these animals  to regenerate 
serum protein, "synthetic" artificial diets were constructed similar to  that used 
in the simple nitrogen balance studies but containing a  casein increment of 0.75 
gm. of the pure protein per kilo~unit, over and above the casein minimum required 
normally for each of the dogs.  The protein content of the ration was increased at 
the expense of an  isodynamic portion of the  carbohydrate fraction, the  other 
constituents remaining constant. 
Subsequent to the nitrogen balance studies dogs 4-6,  5-1  and 5-2  were sub- 
jected to a standardized plasmapheresis r~gime, described in detail elsewhere (22), 
in order to evaluate their respective abilities to regenerate serum protein.  De- 
tailed calculations of the potency ratios are given below.  The results indicate 
that these animals were normal at the beginning of this study with respect to their 
abilities to regenerate serum protein from materials obtained from both exogenous 
and endogenous sources. 
Dog  4-6. 
65 gm. casein  ~- increment  above the  minimum  for  nitrogen  equilibrium of 
170 gin. 
40.8 gm. serum protein were regenerated during the equilibrium week. 
9.8 gm. serum protein  =  endogenous serum protein regeneration, animal sub- 
sisting on the protein-free diet (22). 
3 Obtained from the Lister Bros., New York. 
4 We are indebted to the Health Products  Corporation, Newark, and  to  Eli 
Lilly and  Company,  Indianapolis, for  kindly furnishing us with generous sup- 
plies of their cod liver oil concentrate tablets and liver 343  powder, respectively. DANIEL MELNICK AND  GEORGE R.  COWGILL  497 
Therefore, 
40.8 -- 9.8  65  ffi 0.48, potency ratio. 
Dog 5-1. 
68 gin. casein -- increment above the minimum for nitrogen equilibrium of 155 
gm. 
33.4 gln. serum protein were regenerated during the equilibrium week. 
5.7 gin. serum protein  =  endogenous serum protein regeneration, animal sub- 
sisting on the protein-free diet (22). 
Therefore, 
33.4 --  5.7  ffi 0.41, potency ratio. 
68 
Dog 5-2. 
73 gin. casein ffi increment  above the minimum for nitrogen  equilibrium of 
185 gm. 
46.2 gin. serum protein were regenerated during the equilibrium week. 
9.6 gin. serum protein  -- endogenous serum protein regeneration, animal sub- 
sisting on the protein-free diet (22). 
Therefore, 
46.8 -- 9.6 
73  0.51, potency ratio. 
According to our experimental  plan  the  animals  were maintained 
on  the  adequate  casein  rations  and  were  subjected to  quantitative 
plasmapheresis  for a  total of  12  weeks.  Following this  the protein 
diet  was  replaced  by the  protein-free  ration  in  order  to  determine 
whether  any impairment  in  ability to utilize  the products of tissue 
protein catabolism had developed as a  consequence of the prolonged, 
intensive plasmapheresis.  The results of these studies, including the 
periods  which  furnished  the  data  used  in  the  biological  evaluation 
of casein with respect to serum protein regeneration,  are presented in 
Tables II, III and IV.  The details of plasmapheresis are summarized 
for each period of 7 days.  The variations in body weight, in blood 
and plasma volume and in the hematocrit  are also included in these 
tables,  because  (a)  they  afford  some  indication  of  the  nutritional 
status of the animals  and  (b)  they constitute a  kind Of index of the 
composition of the blood during  such a  long experimental  r~gime. 
When  these  experiments  were  begun  the  weights  of  the  dogs 
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as estimated by the nutritive  index formula  (23).  Throughout  the 
study  all  three  animals  evidenced  a  progressive  increase  in  body 
weight so that the final values were approximately from 14 to  19 per 
cent  greater  than  the  initial  optimal  weights.  Barker  and  Kirk 
(27)  have  reported  a  decreased basal metabolism  in  dogs subjected 
to plasmapheresis.  Clinically, in patients with the condition known 
as nephrosis, a similar decrease of from 20 to 30 per cent is frequently 
TABLE  I 
Estimalion  of the Casein Minimum for Nitrogen Equilibrium 
Dog  Experi- 
No.i  mentalperiod 
days 
4-6 
5-1  4  6 
5-2  6 
4 
Ba~l 
ration* 
per day 
ca/o- 
gin.  ties 
202  994 
202  994 
211 1036 
211 1036 
227 1113 
227 1113 
Vitaminst 
per day 
calo- 
gin.  r$es 
5.25  21 
5.25  21 
5.5  22 
5.5  22 
6.0  24 
5.0  24 
N intake 
per day  per day 
Basal  Vita-mins Urine Feces 
gm.  gm.  gm.  gm. 
3.149 O. 251 
3.149 C). 251 3.38~ 0.451 
3.290 0. 262  0  500 
3.290 D.262!3.188  . 
3. 539 0.281 
3..539 C).281 3.675  3.545 
N excretion Average 
weight ,  Period;  N balance 
of  dog 
i 
l 
i 
i 
14.29 
14.4~ 
I 
15.32  Adjustment 
15.36  --0.41)0 gin. N 
Casein 
mini- 
hi.Ill 
--i 
~er c~nj 
kg.  calorleJ 
~  Adjustment  14.42 
14.35  --0.431gm. N  9.8 
Adjustment 
-0.136gm. N  8.55 
9.45 
* The plan of this ration followed the kilo-unit scheme (24); the diet furnished 
8 per cent of the caloric intake in the form of protein and was fed at the main- 
tenance level of 70 calories per kilo of optimal body weight as estimated by the 
nutritive index formula (23). 
t The vitamin  adjuvants  and  the quantities  administered are described in a 
previous publication (22 or 25). 
:~ The  protein  minima for  these  animals were estimated  from the nitrogen 
balance data by the method reported in detail elsewhere (25). 
manifest  (28).  Thus,  the increases in body weight in our dogs, sub- 
sisting  on  a  diet  furnishing  calories  in  amount  normally  adequate 
just for the maintenance requirements,  are probably due to an appre- 
ciable extent to a decrease in their basal metabolic rates. 
In these experiments,  as in the case of our earlier studies  (22, 3), 
a  reduction in the serum protein concentration produced by plasma- 
pheresis  is  associated with  a  drop  in  the  blood volume.  However, DANIEL MELNICK  AND  GEORGE  R,  COWGILL  499 
when  there  is also a  significant reduction  in the  cell volume  leading 
to a  passive reduction in the blood volume, then the lowered osmotic 
TABLE  II 
The Influence of Prolonged, Intensive Plasmapheresis upon the Ability of Dog 4-6 
to Regenerate Serum Protein 
Optimal weight* of dog  =  14.2 kilos. 
Diett 
Protein-free 
Casein 
increment 
Protein-free 
Period 
(7 
days) 
III 
IV 
V 
VI 
VII 
VII] 
IX 
X 
XI 
XII 
XII] 
XI¥ 
Average  I 
weight [ 
of dog 
kg. 
I  14.92 
II  14.64 
14.76 
15.24] 
15.48[ 
15.70 
15.94 
16.21 
16.46 
16.67 
16.97 
16.96 
17.33 
17.25 
XV 
XV] 
16.92 
16.93 
Blood 
vol- 
ume 
ego 
1237 
1150 
1026 
1057 
1003 
1110 
1040 
1172 
1065 
1086 
1154 
1007 
1074 
1121 
11501 
1138[ 
i 
~lastr  Aver- 
vol-  age  ~emat- 
ume  ocrit 
¢~.  1  [~¢f 
Cet#t 
650  46.5 
605  41.2 
i 
613  38.8 
658  40.2 
592  39.8 
636  39.9 
618  41.7, 
671  39.0 
661  42.1] 
644  43.6] 
637  40.71 
593  43.01 
610  41.6l 
671  44.61 
639  43.0] 
658  41.0l 
Total 
bleed- 
mg 
1853 
415 
988 
1487 
1453 
1446 
1366 
1248 
1122 
1390 
1328 
1415 
1562 
1490 
1104 
459 
Cel ex- 
ch~ lge 
In-  Bled l iected 
CO. 
8601 838 
174l 245 
3841 508 
594l 561 
5701 626 
5801 654 
566l 622 
486] 452 
4731 576 
604l  650 
5391 530 
610] 688 
6551 634 
659[ 710 
476] 492 
1931 213 
Citratedplasma 
Ci-  Plasm  SP~  tJa~e 
p~ 
co.  ]  ¢c.  cent 
204[ 993  480 
46l 241  404 
110[ 604  4.23 
165l 893  4.57 
1611 883  4.43 
161[ 866  4.37 
152] 800  4.45 
137l 762  4.41 
119[ 649  4.50 
1551 786  4.55 
1471 789  4.57 
1581 805  4.66 
170l 907  4.54 
165l 831  4.61 
124[ 628  4.35 
51l  266  4.12 
Serum 
protein 
re- 
moved 
Nk 
g,n, 
47.7 
9.8 
25.6 
40.8 
39.2 
37.8 
35.6 
88.6 
29.2 
35.8 
38.0 
37.6 
41.2 
88.3 
27.3 
11.0 
* Calculated for the animal when ad usted to an optimal nutritive condition, 
as estimated by the nutritive index formula (23). 
t The protein-free diet was fed daily at a 90 calorie per kilo level.  The casein 
increment ration was  administered daily, 70  calories per kilo of optimal body 
weight.  The vitamin adjuvants furnished in addition 1.5 calories per kilo of body 
weight. 
:~ The symbol SP represents the concentration of serum protein in the pooled 
plasma aliquots after corrections had been made for the presence of the citrate 
and calcium chloride solutions. 
effect  due  to  a  reduced  serum  protein  concentration  appears  to  be 
negligible in  effecting  a  further  reduction  in  the  blood volume  (29). 
Under  such  conditions  the  plasma  volume  may  actually  be  greater 500  PROLONGED  INTENSIVE  PLAS~KAPHERESIS 
than  the normal.  Such has frequently been  the  case in the  present 
study with  dogs 4-6,  5-1  and  5-2. 
Throughout  the  current  investigation  the  hematocrit  values  were 
always  below  the  initial  readings  but  were  kept  well  within  the 
normal  range.  When  dogs  are  subjected  to  plasmapheresis,  the 
TABLE  1/I 
Tke Influence of Prolonged, Intensive Plasmapheresis upon the Ability of Dog 5-1 
to Regenerate Serum Protein 
Optimal weight * of dog -- 14.8 kilos. 
Diet* 
Protein-free 
II 
Plasma  Serum  Period  Average Blood  Aver- [ Total  changeCell  ex-  Citrated plasma  )rotebQ 
age  b!eed-  re-  (?  weight  vol-  vol-  moved 
hemat-[  mg  In-  CI-  Plasma  SP*  per  days)  of dog  ume  ume  ocrit  Bled  jected  trate  week 
per  per 
~.  gC.  C.C.  6¢f~  CC,  CC,  6C.  C6.  CC.  6~f1~  ~fn. 
I  15.13  1320  653  47.6  1517 726  742  170  791  ~86  38.4 
15.20  1131 616  44.3  249  111  110  28  138  4.11  5.7 
Casein  III 
increment  IV 
V 
Protein-free 
15.09  1114 620  44.3  559  248  271  61  311  4.17  13.C 
15.09  1121 628  45.£  1297 583  574  144  714  4.68  33.4 
15.48  1215 656  42.3  1327 562  559  148  765  4.62  35.4 
VI  15.75  1160 672  45.8  1334 613  665  147  721  4.56  32.9 
VII  16.00  1198 633  44.0  1261 555  577  140  706  4.43  31.9 
VIII  16.27  1110 640  43.8  1350 591  580  150  759  4.60  34.1 
IX  16.44  1157 658  41.7  1293 541  540  145  752  4.27  $2.2 
X  16.61  1120 665  42.2  1154 485  523  127  669  4.54  30.4 
XI  16.48  1082 620  41.8  1265 525  524  140  740  4.35  32.~ 
XII  16.61  1111 625  41.9  1195 501  518  131  694  4.36  $0.~ 
XIII  16.78  1090 630  41.2  1260 520  517  141  740  4.46  83., 
XIV  16.75  1077 627  42.8  1231 5241 567  138  707  4.42  $1.9 
XV  16.79  1160 657  43.2  663  281  270  74  382  4.11  15.~ 
XVI  16.81  1056 572  42.1  2061  87  78  23  119  3.96  4.~ 
* The same qualifying statements, added as footnotes to Table II, apply also 
to this table. 
hematocrit  tends  to  approach  anemia  levels  unless  donor  cells  are 
injected periodically.  In our previous studies (5) the cells were sepa- 
rated  from  the  citrated  plasma,  subsequent  to  each  bleeding,  and 
taken  up in physiological saline.  It was in such  a  solution that  the 
cells  were  stored  in  the  refrigerator  until  the  next  plasmapheresis. DANIEL  MELNICK  AND  GEORGE  R.  COWGILL  501 
For the reinjection  of these cells the saline was replaced by an  ap- 
proximately  equivalent  volume  of  modified  Locke's  solution  (30). 
In  the  present  study  the  latter  was  altered  by  the  addition  of 
2.5 gin.  of  glucose  per  liter  of  solution.  Cells  were  always  stored 
for  further  use  and  always  reinjected,  suspended  in  this  modified 
TABLE  IV 
The Influence of Prolonged, Intensive Plasmapkeresis upon the Ability of Dog 5-2 
to Regenerate Serum Protein 
Optimal weight* of dog =  15.9 kilos. 
Cell ex-  Serum  Aver-  Citrated plasma  protein  Period Average Blood Plasma age  Total  change  re- 
bleed-  moved  Diet*  (7  weight  vol-  vol-  hemat- ing  In-  Ci-  Plasma SP* 
days)  of dog  ume  tune  ocrit  Bled jected trate  w~eek 
per  per  gin. 
kg.  c¢.  ¢¢.  ¢~  c¢.  ¢¢.  ¢~.  ¢¢.  co.  cent 
Protein-free  I  15.81  1341 667  49,~  1879 929  931  208  95C  L88  46.4 
II  15.72  1268 640  46.5i  456  213  280  50  243  3.95  9.6 
Casein  III  15.79  1188 638  43.[  915  400  480  102  51~  3.18  2X.5 
increment  IV  16.29  1205 705  39.31 1666 657  645  185  100~ 3.64  46.8 
V  16.6:  1175 726  40.1  1769  708  768  197  1061 3.47  47.5 
VI  16.95  1201  705  40.~  1755 714  823  195  1041 L50  46.8 
VII  17,06  1197 725  39.2  1750 692  732  194  1058 L55  48.]. 
VIII  17.43  1176 710  39.~  1819 722  783  202  1097 L52  49.0 
IX  17.61  1198 765  38.2  1702 649  880  189  1053 L76  50.]. 
X  17.94  1198 728  38.5 ! 1874 722  935  209  1152 L79  55.]. 
XI  18.11  1253 716  38.9  1787 692  928  198  1095 3.71  51.6 
XII  18.30  1223 710  41.1  1683 690  798  188  9934.78  47.5 
XIII  18.57  1170 680  41.~  1804 754  752  200  10504.60  48.3 
XIV  18.75  1264 732  44.7  1925 862  944  213  10634.51  47.9 
Protein-free  XV  18.90  1169 660  43.5  1320 573  614  147  7474.52  83.8 
XVI  18.78  1235 685  43.2  518  235  181  58  2834.18  ].]..9 
* The same qualifying statements,  added as footnotes to Table II, apply also 
to this table. 
solution.  We  are  of  the  opinion  that  the  addition  of  the  glucose 
exerts  a  profound  effect upon  the  stability  of  the  red  blood  cells. 
Thus  in  our  previous  investigations  (22, 3)  an  excess of red blood 
cells amounting  to actually  15 per cent of the volume removed had 
to  be  reinjected  in  order  to  maintain  a  normal  hematocrit;  in  our 502  PROLONGED  INTENSIVE  PLASMAPHERESIS 
present study an excess of only 5.5 per cent was required, despite the 
fact that  in  these experiments the  animals were subjected to  pro- 
longed plasmapheresis.  For  some unknown reason  in  the  case  of 
dog 4 during periods IX and X, described in the previous paper (3), 
and in the case of dog 5-2 during periods IX, X  and XI in the present 
study there was a  marked destruction of the red blood cells in vivo. 
This  necessitated the  injection of a  huge excess of red blood cells 
in both cases of approximately 33 per cent more than that withdrawn. 
The  amount of  red  cell  destruction during these  periods  was  not 
averaged in  determining the  relative  degrees of hemolysis in  both 
studies, indicated above,  Of particular interest is the fact that dur- 
ing the periods of increased red blood cell destruction in  vivo  both 
dogs exhibited significant increases in the potency ratios when com- 
pared with similar periods but in which the destruction of the erythro- 
cytes were not nearly so great.  For this reason we believe that the 
hemoglobin thrown  into  the  circulation  by  the  hemolysis of  the 
injected red cells is broken down and serves as an additional source 
of amino acids for promoting the regeneration of serum protein.  It 
is our opinion that this "globin variable" exhibits not only an addi- 
tive but also a supplementary effect upon the dietary protein, so that 
the results obtained in our studies as well as in  those reported by 
others cannot be referred solely to the dietary protein. 
In the current investigation we have been interested primarily in 
the ability of the organism to regenerate serum protein when exposed 
to  a  r6gime  of  prolonged,  intensive  plasmapheresis.  During  the 
initial  depletion period  and  the  subsequent  equilibrium week  the 
dogs subsisted on the high caloric protein-free diet.  This ration was 
then replaced by the casein increment diets, the animals still being 
subjected  to  quantitative  plasmapheresis.  After  the  adjustment 
period equilibrium values were obtained and these were used in arriv- 
ing at  the potency ratios  calculated above.  Subsequently dog 4-6 
showed a slow but progressive decrease in ability to regenerate serum 
protein,  but  this proved to  be  only temporary in  nature,  since it 
was followed by a prompt rise until the initial equilibrium value was 
again attained.  Dog 5-1 throughout the corresponding periods evi- 
denced no significant changes in its capacity to produce this blood 
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increase in serum protein output recorded for periods IX, X  and XI 
has been  attributed  to  the  considerable hemolysis which occurred 
during these weeks.  Thus, in  all three dogs we have observed no 
notable impairment in ability to regenerate serum protein.  Evidently 
these animals, if our hypothesis (3)  is true,  should still be  able  to 
utilize adequately the products of tissue protein catabolism (endog- 
enous  serum protein  regeneration)  for the formation of this blood 
protein.  This was confirmed by changing the animals' rations back 
to  the protein-free diet,  the  r~gime of quantitative plasmapheresis 
still being maintained.  After the depletion periods, the serum protein 
outputs were  approximately equal  to  those  recorded for  the  com- 
parable equilibrium weeks at the beginning of these experiments. 
DISCUSSION 
In our previous paper (3),  reporting an impairment of the ability 
of dog 3 to regenerate serum protein, this animal had been subjected 
to a total of 15 weeks of plasmapheresis, subsequent to a rest period 
of 4 months.  As was mentioned earlier in this paper the animal sub- 
sisted during alternate periods of 2 weeks on the protein-free diet on 
the one hand and on the adequate protein rations on the other.  In 
other words this  animal was  subjected at  times to  both  a  loss of 
protein by  bleeding and  a  lack  of protein from the  diet.  In  the 
present study only the "loss" factor was made to operate.  Evidently 
prolonged plasmapheresis per se,  resulting in the formation and loss 
of large amounts of serum protein, does not cause an impairment in 
the ability of the organism to regenerate this blood protein. 
Peters  and  his  associates  (31)  point  out  that  in  conditions  of 
nephritic  edema  associated  with  marked  proteinuria  the  patients 
frequently are  malnourished due  specifically to  protein  starvation. 
The evidence for such a conclusion was based on the prolonged posi- 
tive nitrogen balances recorded for these individuals when they sub- 
sisted on diets containing high calories and more than maintenance 
quantities of protein.  In our experiments with the dog, rations fur- 
nishing approximately 40 per cent of protein above the maintenance 
requirements were fed.  Under such conditions in  spite of marked 
losses of serum protein the animals suffered no disturbance in ability 
to  regenerate  this  complex.  Peters  (31)  emphasizes  that  besides 504  PROLONGED INTENSIVE PLASMAPHERESIS 
proteinuria the chief cause of the serum protein deficiency appears to 
be depletion of the protein stores of the body.  In the present study 
it seems that we have ruled out protein loss as being the significant 
factor in causing an impairment in serum protein formation.  Experi- 
ments are planned for the future in which the dogs will be subjected 
to the protein-free diet (lack of protein) in addition to quantitative 
plasmapheresis (loss  of protein); under such conditions we feel that 
the change in ration to the adequate casein diet will result in a greatly 
decreased output of serum protein when compared with the previous 
control periods. 
It may occur to the reader that a period of uninterrupted plasma- 
pheresis of 16 weeks duration is possibly too short to warrant any sig- 
nificant conclusions.  For this reason we have attempted to equate 
the present findings recorded with the dog with those theoretically 
possible with  the  human species.  In our studies seven dogs have 
been standardized with respect to their ability to regenerate serum 
protein,  while  subsisting  on  adequate  casein  rations.  The  results 
obtained with dogs 3 and 4 have been described in a  previous pub- 
lication (3) ; the experiments with dogs 4-6, 5-1 and 5-2 were discussed 
in the present report.  Dogs 4-7  and 4-8  were standardized for use 
in  another  study;  a  brief  summary of  these  tests  including those 
conducted with the other animals is presented in Table V. 
Consideration of the data present in this table indicates that these 
dogs, fed diets containing casein at  a  level of about  13 per cent of 
the caloric intake,  can regenerate each week approximately 93  per 
cent of the amount of serum protein initially present in the plasma. 
The quantity of protein fed to the dogs was liberal in so far as satis- 
fying the minimal nitrogen requirements were concerned, but the ra- 
tions used are not to be considered as being so called "high protein" 
diets.  Thus,  in  the  case  of  a  70 kilo man under similar environ- 
mental conditions this would be equivalent to the individual receiving 
only about 80 gm. of protein per day.  The normal life span of the 
human being is approximately 4.5 times as long as that of the dog. 
A  similar relationship is observed during pregnancy in both species 
with respect to the length of the normal gestation period.  If such a 
ratio is accepted as being valid, then the 16 weeks of uninterrupted 
plasmapheresis conducted in  the  present  study may be  considered DANIEL  MELNICK  AND  GEORGE  R.  COWGILL  505 
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as being equal to a period of 72 weeks in the case of man.  In similar 
fashion the  12  weeks of intensive prolonged plasmapheresis,  during 
which the animals subsisted on the adequate casein rations, may be 
regarded as equivalent to 54 weeks in the human species.  According 
to Peters and Van Slyke (28)  the normal average serum protein con- 
centration in human beings is  approximately  7.0  per  cent and the 
average plasma volume (dye method) is about 54 cc. per kilo.  Thus 
for an average 70 kilo man the plasma volume should total 3780 cc. 
and should contain 265  gm. of serum protein.  Let us suppose that 
such an individual subsequently develops a  marked proteinuria  and 
hypoproteinemia,  as  a  result  of  which  he  is  actively  regenerating 
serum protein.  If the ability of the human being to form this blood 
protein is assumed to be equal to that of the dog, then calculations 
(265 gin. serum protein X  0.93) indicate that the 70 kilo man should 
be able to regenerate as much as 247 gin. of serum protein per week. 
In other words such an individual fed an adequate ration should be 
able to  lose each day as  much as  35  gin.  of serum protein over a 
period of 54  weeks without  suffering any impairment in  ability  to 
regenerate this  blood protein. 
The findings in the present study emphasize the remarkable ability 
of the normal organism to regenerate rapidly serum protein over a 
relatively long period of time.  It seems to us that in clinical condi- 
tions of Bright's disease associated with a proteinuria in which there 
may be a daily loss for example of even 20 gm. of protein per day some 
other factor must be postulated for explaining the persistence of the 
hypoproteinemia.  It  seems obvious that,  if loss of protein is to be 
effective in lowering the protein concentration, it must be extremely 
large unless there is  in  addition  some impairment of a  mechanism 
responsible for the formation of serum protein. 
With  respect  to  such  a  mechanism it  is  of interest  to  compare 
the ability of the dog to regenerate serum protein with its efficiency 
in  using  dietary protein  for  meeting the  general nitrogen  require- 
ments.  The  data  presented in  Table  V  show  that  the  respective 
potency ratios recorded for each of the dogs are independent of the 
protein minima values.  This observation seems to indicate that the 
regeneration of serum protein bears no definite relation to the nitro- 
gen metabolism of the organism as a  whole but may be dependent DANIEL  MELNICK  AND  GEORGE  R.  COWGILL  507 
upon a specific mechanism responsible for the formation of the blood 
protein. 
SUMMARY 
1.  When the dog is subjected to quantitative  plasmapheresis and 
fed appropriate "synthetic" artificial rations, it is possible to evaluate 
the  ability of the  organism to  regenerate  serum protein from both 
exogenous and endogenous sources.  Approximately 44 per cent of the 
protein, casein, fed in excess of the minimal amount needed normally 
to meet the general nitrogen requirements, is utilized for the forma- 
tion of new serum protein.  Under our experimental conditions the 
dog can regenerate each week solely from endogenous sources approxi- 
mately 0.6 gm. of this blood protein per kilo of optimal body weight. 
This is equivalent to about 21 per cent of the total amount of serum 
protein normally present in the plasma. 
2.  When the dog is fed an adequate protein diet and is subjected 
to a  r~gime of prolonged intensive plasmapheresis (period of 16 con- 
secutive  weeks),  no  impairment  in  the  ability  of  the  organism  to 
regenerate  serum  protein  from  either  exogenous  or  endogenous 
sources  occurs.  Under  our  conditions  of  experimentation  the  dog 
appears to be able to form each week an amount of the blood protein 
approximately  equal  to  that  normally  present  in  the  plasma.  Be- 
cause of this remarkable ability of the normal organism to regenerate 
rapidly serum protein over a  relatively long period of time, it seems 
that loss of protein alone in conditions of Bright's disease cannot be 
the  etiologic agent  responsible  for  the  persistence  of  the  hypopro- 
teinemia.  An  additional  factor,  the  "specific"  ability of such indi- 
viduals to regenerate serum protein, must be taken into consideration. 
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